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MULTIVALENT ANTI-CYTOKINE IMMUNOGLOBULINS

FIELD OF THE INVENTION
The present invention relates to multivalent anti-cytokine

immunoglobulins and to their manufacture and use in
therapy. In particular, the multivalent immunoglobulins
are suitable for use in therapies requiring the
neutralisation of cytokines occurring in the body at
deleteriously high levels.

The cytokines are a group of polypeptide mediators which
transmit signals from one cell to another of the same or
different type. As used herein the term cytokine
encompasses lymphokines. For example, the anti-cytokine
immunoglobulin may be an anti tumour necrosis factor-a
(TNF-a) or anti tumourvnecrosis factor-g (TNP-3)
immunoglobulin and may be employed in the reduction of
levels of TNF-a or TNF-8 in the bedy.

BACKGROUND OF THE INVENTION

Antibodies, or immunoglobulins, are classified in five
immunoglobulin classes, immunoglobulin G (IgG),
immunoglobulin M (IgM), immunoglobulin A (IgA),
immunoglobulin D (IgD) and iimunoglobulin E (IgE).
Immunoglobuliné of each of these classes comprise a basic
four chain structure of two identical light polypeptide
chains and two identical heavy polypeptide chains linked
together by disulphide bonds. This basic structure is
hereinafter sometimes referred to as an immunoglobulin
molecule. Each immunoglobulin class is further
classified into subclasses. For example human IgG
comprises subclasses IgGl, IgG2, IgG3 and IgG4. The
class and subclass of an immunoglobulin is determined by
its heavy chain type.
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IgG is the major immunoglobulin in normal human serum and
is a monomer of the four chain structure described

above. IgM accounts for a smaller, but significant,
proportion of the human immunoglobulin pool and is a
pentameric structure in which monomers of the four chain
structure are linked by disulphide bridges between the
heavy chains and by a polypeptide linker designated the J
chain.

Of the other immunoglobulins, IgA is the most common and
may occur in either a monomeric or dimeric form. IgDh and
IgE occur in very small quantities in humans and are both

exclusively monomeric.

The amino terminal domains of the heavy and light chains
of the basic structure are characterised by sequence
variability and are designated Vg (variable heavy) domain
and Vy, (variable light) domain. The Vg and Vy, domains
together form antigen binding domains of the
immunoglobulin. The basic four chain immunoglobulin
structure thus has two antigen binding domains.
Consequently an IgM has a total of ten antigen binding
domains. It will, therefore, be apparent that
immunoglobulins occurring in nature have a variety of
valencies for the antigens they bind, two in the case of
IgG, IgD and IgE, two or four for IgA, and ten for IgM.

In a similar way, the antigens which an antibody
recognises may have one, a few or many antigenic
determinants or epitopes. The antigenic determinants of
a multi determinant antigen may be the same as, or
different from, one another,

For example, a small molecule or hapten may have a single

antigenic determinant which is recognis d by a
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molecule. By contrast a large protein molecule may have
multiple, for example tens of, determinants on its surface.

It is already well known that the existence of antigens
with multiple epitopes may lead to a bonus effect in which
the binding of two antigen molecules by antibodies-
recognising different determinants on the antigen is
always greater than the arithmetic sum of the links .formed
by the individual antibodies. The same considerations
are also known to apply to antibody binding to a polymeric
antigen with the same repeating determinants. Thus the
apparent avidity of the antibody - antigen interaction can
be greater than the affinity of the individual antigenic
determinant - antibbdy binding site interactions. As one
moves from a univalent Fab fragment possessing one Vg and.
one Vi, domain to a divalent IgG to a pentameric IgM, the
bonus effect of multivalency produces striking increases
in the strength of antigen - antibody complex formation
(See for example "Essential Immuhology", I. Roitt 6th Edn
(1988) Blackwell Scientific Publications). A

o

In the course of comparing various monoclonal antibodies
to tumour necrosis factor-a (anti-TNF antibodies) with the
same Vg domain for their ability to neutralise human
recombinant TNF we observed that an IgM antibody was
significantly better than the best of the IgG antibodies
tested. Furthermore, it was observed that a monoclonal
IgG to recombinant TNF which had been stored for one year
after manufacture and which had aggregated to higher
molecular weight, including dimeric and trimeric, forms
displayed greater neutralisation activity than freshly
manufactured monomeric antibody. Also, while the dimeric
aggregate showed slightly better neutralisation than the
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moncmer, the trimer gave much better neutralisation.
These observations led us to cross link the available
IgGs. The effect of the cross-linking was to produce a

‘multivalent immunoglobulin and bring about a surprising

increase in the neutralising activity of the antibodies.

DESCRIPTION OF ASPECTS OF THE INVENTION
Thus, according to one aspect of the present invention

there is provided a multivalent immunoglobulin comprising
at least three linked antigen binding domains each of said
antigen binding domains being specific for a complementary
site on a cytokine. ' ‘

The combined interactions between the antigen binding
domains of the multivalent immunoglobulin and the
complementary cytokine sites are characteristically
neutralising interactions. As used herein the expression
"neutralising®” or “neutralisation® means the inhibition of
or reduction in a biological activity of the cytokine as
measured in an in vitro or im vivo test.

Bach of the at least three linked antigen binding domains
are specific for the same cytokine. However, different
antigen binding domains in the multivalent immunoglobulin
may be specific for different epitopes of the same
cytokine. For example, each antigen binding region is’
directed to a neutralising epitope of the cytokine which
it recognises. However this need not be so, so long as
the combined interactions of antigen binding domains and
complementary sites are neutralising as mentioned above.
In addition to the at least three linked antigen binding
domains specific for the same cytokine, the multivalent
immunoglobulin may include one or more other antigen
binding domains specific for a further cytokine or other
molecule.
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The cytokines for which the multivalent immunoglobuling of
the invention are specific are typically soluble cytokines.

Examples of cytokines for which the antibody binding
domains of the multivalent immunoglobulin may be specific

5 include tumour necrosis factor-a (TNF~-a), tumour necrosis
factor-g (TNF-g or lymphotoxin), the interleukins (IL-1,
iL-2, IL-3, IL-4, IL-5, IL-6 etc.), interferoms (e.q.
IFN-a, IFN-g or IFN-y) and colony stimulating factors
(e.g. G-CSF, GM-CSF, etc.).

10 The cytokine may be monomeric and have at least two
epitopic sites recognised by one or more of the antigen
binding domains of the multivalent immunoglobulin. &

Alternatively, the antigen binding domains of the
multivalent immunoglobulin may be specific for a

1S multimeric cytokine, such that the cytokine recognised may

‘bave at least two epitopic sites recognised by one or more

of the antigen binding domains of the multivalent
immunoglobulin. The cytokine may be multimeric as a
result of its aggregation or polymerisation. For :

20 example, TNF-a is known to exist in oligomeric as well as
monomeric forms. Thus, TNF-« molecules associate with
each other to form trimers and hence may behave as
multivalent binding partners for the multivalent
immunoglobulin. Interferon-y and TNF-g may also exist in

25 oligomeric forms.

The size of the multivalent immunoglobulin is likely to be
limited by solubility considerations. Thus, the number
of linked antigen binding domains is preferably
sufficiently small that the multivalent immunoglobulin

30 d es not form an insoluble precipitat befor it comes
into contact with its complementary cytokine. The upper
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limit on the number of linked antigen binding domains may,
perhaps be as many as 4000. However, the preferred
number of linked antigen binding domains is likely to be
much smaller than that, for example in the range from 4 to
20, preferably 4 to 10 antigen binding domains.

The antigen binding domains of the polymeric
immunoglobulin may be derived from immunoglobulins of any
class - IgG, IgM, IgA, IgD or IgE, and of any
immunoglobulin subclass. The various antigen binding
domains in a given polymeric immunoglobulin may be of the
same or different immunoglobulin class or subclass. '

. Preferably, they are all of class IgG.

Alternatively, all antigen binding domains in the
multivalent immunoglobulin may be derived from IgM. In
that case, the multivalent immunoglobulin differs from the
native IgM molecule, for example in containing fewer than
or greater than ten antigen binding domains, or in another
way as will become apparent hereafter. Similarly, where
the antigen binding domains are all derived from IgA the
multivalent immunoglobulin differs from the native
molecule. For example, the multivalent immunoglobulin‘
may contain three or at least five binding domains or
differ in some other way from native IgA.

The antigen binding domains of the multivalent
immunoglobulin may be present as part of whole
immunoglobulin molecules, for example of a whole IgG
molecule. Altermatively, they may be part of
immunoglobulin molecule fragments produced, for example,
by enzymatic digestion of the intact molecule. Thus the
antibody binding domains may b comprised by Fv, Fab, Fab’
or F(ab’)z fragments of IgG. Alternatively, the binding
sites may be pres nt on corresp nding IgM fragments.
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The immunoglobulin molecules and fragments thereof, mﬁy be
of animal, for example mammalian, origin and may be for
example of murine, rat, or human origin. They may be of
polyclonal, but are preferably of monoclonal origin. They
may be prepared using well known immunological techniques.
For example, any suitable host may be injected with a
cytokine and the serum collected to yield, after
appropriate purification and/or concentration (for example
by affinity chromatography using immobilised cytokine as
the affinity medium), the desired polyclonal antibody to
the cytokine. Alternatively, splenocytes or lymphocytes
may be recovered from the cytokine injected host and
immortalised using for example the method of Galfre, G.,
et_al (1977), Nature 266, 550,the resulting cells being
segregated to obtain a single genetic line producing

re

conventional practice. Antibody fragments may be
produced using conventional techniques, for example by
enzymatic digestion of whole antibodies e.g. with pepsin
(Parham, J. Immunol., 131, 2895 (1983)) or papain (Lamoyi
and Nisonoff, J. Immunol. Meth., 56, 235 (1983))." .
Particularly useful immunoglobulins for use according to
the invention include recombinant immunoglobulins and

fragments thereof.

Especially useful recombinant immunoglobulins include:

(1) those having antigen binding domains at least part
of which is derived from a different immunoglobulin,
for example those in which the hypervariable or »
complementarity determining regions (CDRs) of one
immunoglobulin have been grafted into the variable
domain framework of a second, different
immunoglobulin (as described in European Patent
Specification No. 239400);

por
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(2) recombinant immunoglobulins or fragments wherein
‘non-variable domain sequences have been substituted
by non-variable domain sequences from other, '
different immunoglobulins (as described in European
Patent Specifications Nos. 120694, 125020, 171496,
173494 and 194276); or

(3) recombinant immunoglobulins or fragments possessing
substantially the structure of a natural
immunoglobulin but wherein the hinge region has a
different number of cysteine residues from that
found in the natural immunoglobulin, or wherein one
or more cysteine residues in a surface pocket of the
recombinant immunoglobulin or fragment is in the
place of another amino acid residue present in the
natural immunoglobulin (as described in published
International Patent Applications Nos. WO89/01974
and W089/01782 respectively).

Most especially the recombinant immunoglobulins comprise
humanised CDR-grafted or humanised chimeric
immunoglobulins and fragments thereof.

Recombinant immunoglobulins may comprise whole
immunoglobulin molecules or immunoglobulin molecule
fragments, including those discussed above, as well as
single chain antibodies, e.g. single chain Fvs.

Antigen binding domains of the multivalent immunoglobulin
may be linked by means of a covalent cross-link. The
cross-link may join antigen binding domains directly‘(féf
example as described in PCT/GB 90/00935 for multivalent
Fvs) or, where an antigen binding domain is present as
part of a larger immunoglobulin fragment or a whole
immunoglobulin molecule then the cross-link may be remote
from the antigen binding domain.
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I{mmunoglobulin molecules or fragments thereof which
include antigen binding domains may be linked by means of
a disulphide bridge between cysteine residues or,
alternatively, by means of a cross-linker molecule. The
cross-linker may, generally, be one which is reactive with
side chains of amino acids in the immunoglobulin molecules
or fragments to be linked. Such amino acids preférably
do not participate directly in antigen binding. Suitable
amino acids for cross-linking include those with a side
chain containing an amino, sulphydryl, carboxyl, phenolic
or other aromatic or heteroaromatic functional group
through which a cross-linker may be attached. Suitable
amino acids include lysine, cysteine, glutamic and
aspartic acids, and tyrosine.. Alternatively, the <.
components of the multivalent immunoglobulin may be linked
through carbohydrate residues of the components and, in
particular, through oxidised carbohydrate residues.
Suitable molecules for cross-linking immunoglobulins and
other proteins are well known to those of skill in the art.
A list of suitable molecules may be found, for example, in
the 1989 Handbook and General Catalog of Pierce Chemical:-
Company. One example of a way in which immunoglobulin
molecules or‘fragments may be cross-linked is by reacting
one component to be linked with 2-iminothiolane while
activating the other with maleimide for example by
reacting it with a maleimido-succinimide ester.

As an alternative to covalent linking antigen binding
domains may be linked by non-covalent interactions for
example, the link may be provided by an antibedy molecule
specific for sites on the immunoglobulin fragments or
molecules to be cross-linked, these sites being ones which
are not involved in antigen binding. For example where
whole immunoglobulins are to be cross-linked this may be

]
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effected by means of an anti-Fc antibody directed to the
constant region of the immunoglobulins to be linked.

AAn alternative way -by which non-covalent cross-linking may

be achieved is by biotin-avidin cross-linking in which
immunoglobulin molecules or fragments derivatised with
biotin are caused to aggregate through interaction-with

avidin.

Whatever the form of cross-linking used it is desirable
that the antigen binding domains in the multivalent

'immunoglobulin should be in thé correct orientation for

antigen binding.

As already mentioned preferred multivalent immunoglobulins
of the present invention include linked IgG molecules
and/or IgG fragments. However, the multivalent
immunoglobulin may also be based on IgM molecules or
fragments. For example, the multivalent immunoglobulin
might be a fragment of a natural IgM for example obtained
by partial enzymatic digestion. Alternatively, an
artificial IgM might be produced by replacing the natural
cross-links of the IgM with others, possibly at a
different location, and such cross-links could be used to
link whole IgM molecules or fragments. A further
possibility is that intact IgM pentamers could be linked
to form decamers and etc.

Accbrding to a second aspect of the present invention
there is provided a multivalent immunoglobulin of the
first aspect of the invention for use in therapy.

The therapies in which the multivalent immunoglobulin of
the present invention may be utilised include any in which
it is desirable to reduce the level of or inhibit the
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activity of cytokine present in the human or animal
body. * The cytokine or lymphokine may be one which is in
circulation in the patient or which is present iz an
undesirably high level localised at a particular site in
the body. Elevated levels of TNF-a, for example, are
implicated in immunoregulatory and inflammatory dlsorders
and in septic, or endotoxic, and cardiovascular shock. A
multivalent lmmunoglobulln with antigen binding domains
specific for TNF-a may be utilised in therapy of
conditions which include: septic or endotoxic shock,
cachexia, adult respiratory distress syndrome, AIDS, .
allergies, psoriasis, T.B., inflammatory bone disorders,
blood coagulation disorders, burms, rejection episodes
following organ or tissue transplant and aﬁtoimmune
diseases e.g. organ specific diseases such as thyroiditis-
or non-specific organ diseases such as rheumatoid and
osteo-arthritis.

Additionally, the multivalent immunoglobulin may be used
to ameliorate side effects associated with TNF generation
during neoplastic therapy and also to eliminate or Y
ameliorate shock related symptoms associated with the
treatment or prevention of graft rejection by use of an
antilymphocyte antibody.

Similarly the multivalent immunoglobulins of the invention
baving specificity for other cytokines, such as interferon
v, lymphotoxin, IL-1, IL-2, IL~5 and IL-6 may be used to
treat conditions associated with elevated levels of the
cytokine in question.

According to a third aspect of the invention there is
provided the use of a multivalent immunoglobulin according
to the first aspect of the invention in the manufacture of
a medicament for the treatment of a condition involving
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undesirably high levels of a cytokine for which the
multivalent immuncglobulin is specific.

Preferably, the cytokine is interferon-y (IFN-v),
interleukin-l1 (IL-1l), interleukin-2 (IL-2) interleukin-6
(IL-6), tumour necrosis factor-c (TNF-z), or tumour
necrosis factor-g (TNF-5).

The medicament prepared according to the third aspect of
the invention may be for administration in any appropriate
form and amount according to the therapy in which it is
employed. It may be for prophylactic use, for example
where circumstances are such that an elevation in the
level of a particular cytokine might be expected, or,
alternatively, the medicament may be for use in reducing
the level of the cytokine after it has reached an
undesirably high level or as the level is rising.

According to a further aspect of the invention there is
provided a pharmaceutical composition comprising a
multivalent immunoglobulin according to the first aspect
of the invention in combination with a pharmaceutically
acceptable diluent, excipient or carrier.

The composition may comprise other active ingredients.

The composition may take any suitable form for
administration, and, in particular, will be in a form
suitable for parenteral administration e.g. by injection
or infusion, for example by bolus injection or continuous
infusion. Where the composition is for injection or
infusion it may take the form of a suspension, solution or
emulsion of the multivalent immunoglobulin in an oily or
aqu ous vehicle and it may contain formulatory agents such
as suspending, stabilising and/or dispersing agents.
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Alternatively, the composition may be in dry form, for
reconstitution before use with an appropriate sterile
liquid.

The dose at which the multivalent immunoglobulin will be
administered will depend on the nature of the condition to
be treated, the degree to which the cytokine to be
neutralised is, or is expected to be, raised above a
desirable level, on whether the multivalent immunoglobulin
is being used prophylactically or to treat an existing
condition, and on the nature of the particular multivalent
immunoglobulin selected for the therapy. Dose will also
be selected according to the age and condition of the
patient. c

-

Thus, for example, where the multivalent immuncglobulin"is
a conjugate of intact IgG molecules having specificity for
TNF-a, the IgG molecules being cross-linked with an
anti-Fc antibody, and where the multivalent immunoglobulin
is employed in the prophylaxis or treatment of TNF-a
related conditions such as shock or inflammation suitable

doses are in the range 0.001 to 10 mg/kg/day. The dose : S

may be continued for as long as is necessary to alleviate
the condition associated with the undesirably high level
of antigen. ’

In a still further aspect of the invention there is
provided a method of therapeutic treatment of a human or
animal subject suffering from a disorder associated with
an undesirably high level of a cytokine, the method
comprising administering to the subject an effective
amount of a multivalent immunoglobulin according to the
first aspect of the invention.
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In another aspect of th inv ntion there is pfovided a
process for the production of a multivalent immunoglobulin
of the first aspect of the invention said methed -
comprising linking the immunoglobulin molecules or
fragments thereof by means of a suitable linker.

Suitable linkers have already been mentioned above. It
will therefore be understocd that linking may be effected
by reacting immunoglobulin molecules or fragments with a
covalent cross-linker or by bringing them into contact
with an antibody or other aggregating agent to effect
non-covalent cross-linking.

Also in the case of recombinant immunoglobulins, processes
for the production of the multivalent immmnoglobulins will
involve expression of immunoglobulin molecules or
fragments in appropriate host cells transformed with
suitable DNA sequences.

BRIEF DESCRIPTION OF THE FIGURES
The invention is described below by way of example with
reference to the following figures of which:

Fiqure 1 is a plot of residual biocactive TNF-a
activity after antibody treatment against
initial concentration of anti-TNF antibody
for 4 different antibodies designated 129/16,
101/4, CB6 and 27/26;

Figure 2 is a sketch showing the manner in which
anti-TNF antibodies may be linked by means of
an anti-Fc (it will be appreciated that the
array, illustrated in two dimensions is, in

fact, three dimensional);
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Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

' cross-linking (hLT12 Biotin:Awidin 1:1); *

PCT/GB91/01216
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show/plots of residual bioactive TNF-a after
antibody treatment against initial
concentration of anti-TNF for three anti-TNF
antibodies (101/4, HTNFl and CB6) which were
cross-linked with a polyclonal anti-Fc;

shows a plot of TNF-a activity remaining
after antibody treatment against
concentration of biotinylated CB6 antibody
cross-linked ) with avidin;

compares the neutralising efficiency of a
biotinylated anti-lymphotoxin antibody (hLT12
Biotin) to the same antibody after avidin ~

shows a plot of TNF-e activity remaining
after antibody treatment against
concentration of CB6 antibody which has been
covalently cross-linked;

is a plasmid diagram of plasmid pE2056
containing the human Cy coding sequence, and

shows plots of residual bioactive TNF~-a after
antibody treatment against initial
concentration of anti-TNF for IgG and IgM
versions of the antibody 101/4; numerals 2-5
refer to four separate samples of 101/4 IgM.
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DESCRIPTION OF SPECIFIC EMBODIMENTS OF THE INVENTION

Example 1

‘Comparative Example IqG and IgM

Antibodies 129/16 and 101/4 are murine monoclonal
antibodies of immunoglobulin class IgG raised against
recombinant human TNF-z and obtained from the Natiocnal
Institute for Biological Standards and Controls (NIBSC)
CB6 and HTNFl are also murine monoclonal IgG to
recombinant human TNF-z and were produced at Celltech.
Antibody 27/26 is a murine monoclonal IgM against TNF-a
and was obtained from NIBSC.

Comparison of Neutralising Activity of IgGs and IgM

The neutralising activity of various antibodies was
compared using an L929 bioassay as described by Ruff and
Gifford, Lymphokines 2: 235 (1981). Briefly, it was
carried out as follows.

L929 cells were prepared for use in the followihg way .

The supernatant medium was removed from L929 cells which
were growing as an adherent monolayer in RPMI 1640 medium
(Gibco) containing 2mM glutamine 10% FCS, and 100ug/ml
gentamicin (RP10). The monolayer was washed in
Dulbecco’s A phosphate buffered saline (PBS) (Gibco).
Trypsin EDTA (Gibco) was added for 10 min to remove cells
from the plastic and the cell suspension was then added to
RP10 medium at a final demsity of 3 x 10° viable cells/ml
as assessed by Trypan Blue (Gibco) dye exclusion. 100u1
of this cell suspension was then added to each well of ‘
flat-bottomed 96-well microtitre trays (Falcon Microtest)
and incubat d over-night at 37°C.
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Dilutions of the antibodies to be tested were pr pared in
assay medium (RPMI 1640 containing glutamine, gentamicin
and 2% FCS 1% actinomycin D). Dilutions of human
recombinant TNF-a (NIBSC standard) were also made up in
assay medium then added to all dilutions.

The L929 assay was subsequently carried out as follows:

Microtitre plates containing the 1929 cells were flicked
to remove the RPMY 1640 medium. 10041 of the antibody
and TNF dilutions were dispensed to the appropriate wells
of the microtitre plates. Control wells containing °
assay medium and antibodies at the highest concentration
were added. The plates were then incubated overnight at
37°c. 1T

After the overnight incubation, the L1929 plates were
flicked to remove the medium and were washed once
carefully in PBS. Methanol (AnalaR) was then added to
all wells and left for 30-60 seconds. The methanol was
then flicked off, a solution of crystal violet (1% w/v in
water) was added to all the wells and incubated for 5
mins. This was then washed off with tap water and the
stain then dissolved in the well in 10041 of 30% glacial
acetic acid (AnalaR). Absorbance was measured at 570am
and the absorbance at 410nm was used as a reference
measurement to correct for light scatter.

Live L929 cells take up crystal violet while those killed
by TNF do not. In experiments where the amount of TNF
added to the wells is kept constant and the antibody
concentration is varied the absorbance of the extracted
stain may therefore be used as a measure of the TNF ‘
available in solution for killing L929 cells.
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The results of the experiment in which antibodies 129/16,
101/4, CB6 and 27/26 were compared are shown in Figure 1.
In this case the concentration of TNF in each well was
400pg/ml which is sufficient to effect almost total cell

5 killing; the concentration of the various anti-TNF
antibodies varied from well to well.

It is apparent from the results shown that significantly
greater amounts of the IgG antibodies than of the IgM
antibodies were required to neutralise the same amount of

10 TNF~a. Thus for example where the starting concentration
of TNF-o was 400pg/ml the IDso (the concentration of
antibody that gave 50% inhibition) was 3.4ng/ml for the
IgM antibody 27/26, whereas the IDsos for the IgG ‘

_ antibodies were 55ng/ml for 129/16, 42ng/ml for CB6 and
15 llng/ml for 101/4.

Thus, it is clear that the IgM antibody has a
significantly higher neutralising activity than
corresponding IgGs.

In order to establish whether the increased neutralising

20 activity of the IgM was a result of the cross-linkihg of -
the immunoglobulin units various IgGs were cross—-linked
and the effect on their neutralising activities
investigated.
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Bxample 2
Cross-linking Antibodies Using Anti-Fe
Selected IgGs were cross-linked using a polyclonal anti-Fc

antibody (Jacksons Labs) specific for the constant region
of the murine IgG molecule. The anti~-Fc antibody has the
effect of cross~linking the IgG’s by their Fc regions
leaving their binding domains available for antigen
binding. The manner of binding is represented in Figure 2
in which IgG anti-TNF molecules 1 are arranged in an array
linked at the N terminal ends 3 of their constant regiops
5 by anti~Fc antibody molecules 7. TNF molecules 9 are
shown bound at the antibody binding sites at the C
terminal ends 11 of the anti~-TNF molecules 1. From 2 up
to around 2000 anti-TNF molecules may be cross-linked
together in this way. '

The following procedure was used to effect the
cross-linking.

Separate solutions of each antibody to be tested together
with goat [F(ab’)2] anti-mouse IgG-Fc in L929 assay medium
were made up to a concentration of 2ug/ml antibody and
20ug/ml anti-Fc. Up to nine, three-fold dilutions of the
antibody-anti-Fc mixtures were prepared and the dilutions
incubated at 379C for 1 hour.

The neutralising activity of the cross-linked antibodies
was assessed uéing an L929 bioassay as described above.
100sl of each of the antibody - anti-Fc mixture and of TNF
being dispensed into the appropriate wells of a microtitre
tray. The concentration of TNF in each well was 400pg/ml
as before.

The effect of the cross-linking is demonstrated in Figures
3-5 in which TNF remaining available for cell killing is



WO 92/01472 PCT/GB91/01216
- 20 -

plotted against antibody dilution for each of the IgG
antibodies 101/4, HTNFl1 and CB6. In each case
nmeasurements were made for the antibody alione or with
added anti-Fc. Anti-Fc alone was shown to have no effect.

5 Figure 3, for example, shows the effect of adding anti-Fc
antibody to the anti~TNF antibody 101/4. It is apparent
from this plot that for a given antibody dilution more TNF
is neutralised in the presence than in the absence of
cross-linking by anti-Fc.

10 Similar effects are demonstrated in Figures 4 and 5 for
the antibodies HTNF1l and CB6 respectively. It is
noteworthy that the poorer the neutralising activity of
the antibody in the absence of anti-Fc the greater the
improvement in neutralising activity which can be brought

15 about by the addition of the anti~Fc antibody.

Table 1 below summarises the effect of polyélonal anti-Fc
on TNF neutralisation by each of the antibodies 101/44,
HTNF1 and CB6. In each case neutralisation was improved

20 to an efficacy that is close to the theoretical maximum,
i.e. a molar excess of antibody to antigen of 0.5-1.
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Table I

Summary Table showing effect of a polyclonal anti-Fec on
efficacy of anti-TNF antibodies in TNF neutralisation

Anti-TNF Anti-TNF .Fold
Alone + Anti-Fc Improvement

Molar excess of antibody required for
50% inhibition of TNF , e

101/4 1.3 0.3 4.3

CB6 60 0.4 150
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Example 3

Cross~Linking Antibodies Using Biotin-Avidin

[a]

(k]

Anti<TNF antibody CB6 was biotinylated accordiﬁg to
conventional procedure as described, for examéle, in
Practical Immunology, L. Hudson and F.C. Hay, 3rd
Edn, 1989, Blackwell Scientific Publications.

Biotin labelled antibody was mixed with streptavidin
(Jackson Labs) at molar ratios of 10:1, 1l:1 and
1:10, and then incubated at 37°C for lhr to form
complexes. Three fold serial dilutions of the
biotin labelled antibody and of the complexes were '
prepared in L929 assay medium and the L1929 assay
carried out as described above.

The results are shown in Figure 6 from which it is
apparent that where biotinylated CB6 and avidin wer
complexed in a 1:1 ratio the neutralising activity
of the antibody was significantly increased relative
to uncomplexed biotinylated antibedy or to complexes

.formed with 10:1 or 1:10 ratios of biotinylated

antibody to avidin.

The experiment in Part [a] was repeated using a
biotinylated anti-lymphotoxin antibody (hLT12)
cross-linked with avidin at a molar ration of 1:1.
The results are shown in Figure 7 from which it is
apparent that the neutralising activity of the
cross-linked antibody was significantly increased
relative to uncomplexed biotinylated antibody.
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Example 4

Chemical Cross-Linking of Antibodies

Chemically cross-linked CB6 was preparad as fcollows:

1.65mg of CB6 (5mg/ml in PBS) was incubated with 3.2mg of
2-iminothiolane in lml of ethanol with gentle agitation
for 30 minutes at room temperature.

4.75mg of CB6 (5mg/ml in PBS) was incubated with 0.195mg
maleimidohexanoyl succinimide ester, with gentle agitation
for 45 minutes at room temperature.

In each case excess reactants were removed by
chromatography on a PD10 column. )

The iminothiolane and maleimido derivatives of CB6 were
then reacted together at a ratio of 1:1 by incubation
together at room temperature for two hours.

Ethyl malemide in DMSO was then added to each incubation
to give a final concentration of 0.01lmg/ml.

The reaction'products were subjected to HPLC, the
absorbance of the fractions at 280nm being used to locate
protein containing fractions. Selected column fractions
were pooled and employed in L929 assays, as described
previously.

The results of the cross-linking experiments are shown in
Pigure 8. Praction #6 corresponds to the monomer and
Fractions #5 to #1 contain complexed antibody of increasing
molecular weight. [Fraction #7 is smaller than the
monomer and probably represents an antigen binding
degradation product.] It is apparent that, in general,
chemical cross-linking of th antibody molecules results in
an enhancement of the neutralising activity of the antibody.
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Example 5

Preparation of recombinant chimeric IgM
In a further experiment recombinant chimeric IgM anti-TKF

antibodies were prepared and tested for their ability to
neutralise TNF in the L929 bioassay.

DNA coding for the light and heavy chain variable domains
of the murine IgG anti-TNF antibody 101.4 were ligated
with DNA coding fer human K light chain constant region
and human p heavy chain constant region (Cu) regspectively.

Construction of IgM versions of 101.4 Heavy Chain

Human Cu DNA was obtained as a Xbal fragment (Wward, C.J.
et al (1989) International Immunology 1, No. 3, 296-309)
in which the coding sequences are arranged as shown in the

following restriction map.

Xbal Xbal

Cul Cu2 Cu3 Cué

Poly A

The Xbal fragment was cloned into the Xba gite of
pBE7.HCMV [Stephens, P and Cockett, M.I. in Nucl. Acid.
Res. 17, 7110 (1989)] to produce plasmid pE2056 as shown
in Pigure 9. PpB2056 has a unique restriction site for
the enzyme Bsu 36I located at the start of Cul. The

rel vant sequence is shown below.
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Bsu 361
r\/‘—\’
GGG TEC TCA GGG, AGT, GCA, TCC

G S A S

intron < , > Cul

Thus pE2056 was digested with HindIII and Bsu 36I and the
larger fragment ligated with a HindIII-Bsu 36I fragment
comprising the coding sequence of the heavy chain variable
domain of 101.4 to produce the following sequence across
the V-Cul junction of the new genes.

'
GGG, ACT, CTG, GTC, ACT, GTC, TCC, TCA,: GGG, AGT, GCA, TCC
G T L v T \'4 S S G S A S

101.4vy < s> Cul

i
|
)
!
|
i
l

This procedure generated four plasmids (which should be
identical) which were isolated and designated
pPE2058-pE2061 inclusive. In Figure 10 sampleé 2-5
correspond to results obtained using plasmids
PE2058~pE2061 respectively.

Similarly a chimeric 101.4 variable-human K constant light
chain was prepared and inserted into a suitable expression
plasmid (substantially as described in co-pending British
Patent Application 9109645.3). COS cells were
transfected with the gene coding for the chimeric light
chain together with pE2058, pE2059, pE2060 and pE2061 each
in turn. COS cell supernatants were assayed in the 1929
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bioassay and the ability of the resultant recombinant
chimeric "IgM" immunoglobulins to neutralise TNF compared
with that of murine 101.4. The results obtained are
given graphically in Figure 10 indicating that lower
amounts of the recombinant chimeric "IgM" product than the
murine IgG product were required for neutralisation of TNF.

The foregoing examples are given to illustrate the
invention. It will be appreciated that other monoclonal
antibodies to TNF and antibodies to other cytokines in
general may be used for preparation of maltivalent

immunoglobulins according to the invention by alternative

methods as well as by loosely following the general
procedure set out above.
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CLAIMS
1. A.-multivalent immunoglobulin comprising at least three

linked antigen binding domains each of said domains
being specific for a complementary site on a cytokine.

A multivalent immunoglobulin according to Claim 1 in
which the combined interactions between the antigen
binding domains of the immunoglobulin and the
complementary cytokine sites are neutralising

interactions.

.

A multivalent immunoglobulin according to Claim 1 or
2 which is specific for TNF-a, TNF-§, an interleukin,

an-interferon, or a colony stxmulating factor. o’

A multivalent immunoglobulin according to any one of
the preceding claims which has specificity for a
cytokine which is naturally present as a multimer.

A multivalent immunoglobulin according to any one of

the preceding claims comprising 4 to 20 antigen
binding domains.

A multivalent immunoglobulin according to any cne of
the preceding claims in which the antigen binding

domains are all of class IgG.

A multivalent immunoglobulin according to any one of

- Claims 1 - 5 in which the antigen binding domains are

all of class IgM and differs from a native IgM
molecule.

A multivalent immunoglobulin according to any one of
the pr ceding claims comprising r combinant
immun globulins and fragments thereof.
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A multivalent immunoglobulin according to any one of
the preceding claims in which antigen binding domains
are linked by covalent cross-links.
A multivalent immunoglobulin according to any one of
Claims 1 - 8, in which antigen binding domains are

linked by non-covalent interactions.

A multivalent immunoglobulin according to Claim 1 for
use in therapy. '

The use of a multivalent immunoglobulin according to

Claim 1 in the manufacture of a medicament for the

treatment of a condition involving undesirably high
levels of a cytokine for which the multivalent
immunoglobulin in specific.

A pharmaceutical composition comprising a multivalent:

immunoglobulin according toVClaim 1, in combination
with a pharmaceutically acceptable diluent, excipient

or carrier.

A method of therapeutic treatment of a human or
animal subject suffering from a disorder associated
with an undesirably high level of a cytokine,
comprising administering to the subject an effective
amount of a multivalent immunoglobulin according to
Claim 1.

A process for the production of a multivalent
immunoglobulin according to Claim 1 comprising
linking the immunoglobulin molecules or fragments
thereof together by means of a suitable linker.
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